Abstract -Sixteen lactating Sarda ewes were fed four diets differing in the forage/concentrate ratio (two diets 75/25, two diets 60/40, on a DM basis) and in soybean oil supplementation (two diets with 100 g·d
INTRODUCTION
Ruminant diets are commonly supplemented with oils or fats to meet the high energy requirements of early lactation and/or to address the composition of milk fat towards the enrichment in beneficial fatty acids.
Information from the literature on the effect of dietary lipid on cow milk fat content is highly variable according to the nature of the fat, the level of fat supplementation and the nature of the basal diet [10, 38] . In dairy cows, a marked depression of milk fat yield has been observed when low forage diets were supplemented with unprotected oil rich in polyunsaturated fatty acids (PUFA) [34] . The milk fat depression (MFD) has been attributed to a shift of rumen biohydrogenation pathways of dietary PUFA towards trans-10, cis-12 C 18:2 and trans-10 C 18:1 fatty acids, which are potent inhibitors of mammary lipogenic enzymes [3, 4] .
The effects of feeding of calcium soaps of fatty acids [1, 9, 32, 36, 42] and unprotected oils from plants and animal fats [19, 23, 46 ] to dairy ewes have been studied and recently reviewed by Schmidely and Sauvant [38] . However, no consistent data are available on the effect of the interactions between unprotected plant oil and forage/concentrate ratio in the diet.
The aim of the present work was to get novel information on the effect of unprotected soybean oil in the diets of Sarda ewes, upon the milk fat yield and composition, by varying the forage/concentrate ratio of the diet.
MATERIALS AND METHODS

Animals
Sixteen Sarda ewes, average body weight 43.5 ± 3.8 kg, at their third lambing and mid lactation (fourth month) were allotted to single boxes on a peat litter, in order to be able to control performances and intakes individually.
Diets
The 4 experimental diets differed in terms of forage/concentrate ratio and oil supplementation (diet composition expressed as the percentage of dry matter intake): -A diet with high forage and no oil (HF/NO), made up of lucerne hay (75%), barley meal (20%) and soybean meal (5%); -A diet with high forage and with oil (HF/O), made up of lucerne hay (75%), barley meal (15%) and soybean meal (6%) and soybean oil (4%); -A diet with low forage and no oil (LF/NO), made up of lucerne hay (60%), barley meal (35%) and soybean meal (5%); -A diet with low forage and with oil (LF/O), made up of lucerne hay (60%), barley meal (30%) and soybean meal (6%) and soybean oil (4%). Lucerne hay was fed separately twice a day, controlling the actual intakes of both forage and concentrate. Table I depicts the chemical composition and energy content of the 4 diets. Crude protein, ether extract and ash were determined according to AOAC methods [2] . The fibre fractions were analysed after Goering and van Soest [17] . Net energy for lactation and metabolisable protein were estimated by the CNCPS system, modified for sheep [8] . Table II reports the fatty acid composition of the soybean oil added to HF/O and LF/O diets.
Experimental design
A 4 × 4 Latin square experimental design with factorial arrangement of treatments and 4 replicates per diet was used as the most suitable to 16 animals. Each experimental period lasted one week and was preceded by an adaptation period of two weeks, meant to let the rumen microbes get accustomed to the changed diet.
Body weights and blood samples
The animals were individually weighed and blood samples were taken from the jugular vein at the start and at the end of each experimental period, always at the same time (8:30 am) after the morning meal and milking. The blood samples were collected in a vacuum tube with sodium heparin, immediately chilled down to 4
• C and transported to the lab, then centrifuged (3000 rpm, 15 min, 4
• C). The separated plasma was analysed by spectrophotometry for urea, using a current commercial kit (UREA-S, Roche Diagnostics, GmbH, Mannheim, Germany), as a convenient measure of protein status. 
Milk yield and milk sample analyses
The animals were milked twice daily (at 8:00 h and 20:00 h) and weekly milk samples of the morning and of the afternoon from individual ewes were collected. Milk samples were gathered in a single sample according to the morning and afternoon yield. Milk samples were analysed for fat by the official AOAC methods [2] ; milk proteins and lactose contents were determined by infrared analysis (Milkoscan 133 B, Italian Foss Electric, Padova, Italy); somatic cell count (SCC) was performed by means of a Fossomatic 215 (Foss Electric, DK-3400, Hillerod, Denmark). The SCC data were transformed into a linear score according to Wiggans and Shook [44] . Rennet clotting time (r), rate of curd firming (K 20 ), and curd firmness after 30 min (A 30 ) were also measured on a Formagraph apparatus, [15] , at the end of each experimental period. Milk production was standardised as Fat-Corrected Milk (FCM) at 6.5% fat, according to the following formula: FCM = M (0.37+0.097F), where M is milk yield (kg) and F is milk fat percentage [35] .
Fatty acid analysis
An aliquot of weekly milk samples was stored at -20
• C until fat extraction for fatty acid analysis. Milk fat extraction was performed according to the Rose-Gottlieb method [2] modified by Secchiari et al. [39] . Briefly, ammonia 25% (0.4 mL), ethyl alcohol 95% (1 mL) and hexane (5 mL) were added to 2 g of a raw milk sample. After being vortexed, the samples were centrifuged at 3 000 rpm and 2
• C. After phase separation, the upper layer was collected. The extraction was repeated a second time using ethyl alcohol 95% (1 mL) and hexane (5 mL); the samples were centrifuged at 3000 rpm and the upper layer was collected. A third extraction was repeated using 5 mL of hexane; the samples were centrifuged at 3 000 rpm and the upper layer was collected. The extracted fat was dried at 35
• C by means of a rotary evaporator device, weighed and finally dissolved in hexane. Methyl esters of medium and long chain fatty acids were prepared by the alkali catalysed trans-methylation procedure of Christie [14] , with nonadecanoic acid methyl ester (Sigma Chemical Co., St. Louis, MO, USA) as the internal standard. Medium and long chain fatty acid (MCFA and LCFA) composition was determined by gas chromatography using a ThermoQuest (Milan, Italy) gas-chromatograph apparatus equipped with an FID and a high polar fused silica capillary column (Chrompack CP-Sil 88 Varian, Middelburg, Netherland; 100 m × 0.25 i.d.; film thickness 0.20 µm). Helium was used as the carrier gas at a flow of 1 mL·min −1 . The split ratio was 1:100. An aliquot of the sample was injected under the following GC conditions: the oven temperature was programmed at 120
• C and held for 1 min, then increased to 180
• C at a rate of 5
• C·min −1 , held for 18 min, increased to 200
• C at 2
• C·min −1 , held for 1 min, increased to 230
• C at a rate of 2
• C·min −1 and held for 19 min. The injector temperature was set at 270
• C, whereas the detector temperature was set at 300
• C. Short chain fatty acid composition (SCFA, from C 4 to C 8 ) was determined according to Molkentin and Precht [28] on a second aliquot of the same sample: 25 mg of lipid extract were transesterified with 0.2 mL of methanol KOH 2N. Fatty acid methyl esters (FAME) were dissolved in hexane containing methyl valerate as the internal standard. The butyric acid content was calculated by a regression curve based on 5 response factors obtained by increasing the C 4 /C 5 ratio (the ratio varied from 0.15/0.40 mg·mL valerate as the internal standard. The SCFA content was determined using the gaschromatograph apparatus described above and another temperature gradient programme (40 • C held for 4 min, increased to 180
• C at 5
• C·min −1 ). The determination of cis and trans C 18:1 isomers was performed on a third aliquot of the same sample at 175
• C (isothermal step) for 65 min, using the same capillary column.
Individual FAME were identified by comparison to a standard mixture of 37 Component FAME Mix (Supelco, Bellefonte PA, USA). The standards PUFA-2, non conjugated C 18:2 isomer mixture, individuals cis- 5,8,11,14,17 C 20:5 ; cis -4,7,10,13,16,19 C 22:6 (Supelco, Bellefonte PA, USA); cis-6,9,12 C 18:3 and cis-9,12,15 C 18:3 (Matreya Inc., Pleasant Gap PA, USA) were used to identify polyunsaturated fatty acids. The identification of isomers of C 18:1 was based on commercial standard mixtures (Supelco, Bellefonte PA, USA) and published isomeric profiles [45] . All methods using peak normalisation and expressing the results in relative percentage of the area of the analysed peaks are subjected to an overestimation because the areas of small peaks are not considered, so to avoid this problem, nonadecanoic acid was used as the internal standard. All the results concerning the milk fatty acid composition are expressed as g per 100 g of fat.
The different conjugated linoleic acid (CLA) isomers were separated and quantified by a silver ion HPLC column (Chromspher 5 lipids, 250 × 4.6 mm, Varian Inc, Turin, Italy), using the procedure reported in Sehat et al. [41] . CLA isomers were eluted using a fresh mixture of acetonitrile 0.1% (v/v) in hexane at a flow of 1 mL·min −1 . The injection loop was 50 µL and UV detection was performed at a wavelength of 233 nm. Since a reliable internal standard for CLA is not yet available, the quantitative measurements were performed through a calibration curve, using high purity individual cis-9, trans-11 and trans-10, cis-12 CLA (Matreya Inc., Pleasant Gap PA, USA). A CLA standard mixture (Sigma Chemical Co., St. Louis, MO, USA), and a published isomeric profile [24] were also used to help to identify the CLA isomers in ovine milk.
Statistical analysis
Data were processed by the GLM procedure of SAS [37] using a linear model that included forage level, oil supplementation, replicate, ewe within replicate, period within replicate, forage × oil interaction and residual error. Data are reported as least squares means ± SEM. Overall differences between treatment means and interaction for level of forage and oil were considered to be significant for P ≤ 0.05.
RESULTS
Average dry matter intakes (DMI) did not differ between experimental groups and met the ewes' energy requirements in any case. In fact, body weights remained practically unchanged throughout the whole trial (Tab. III).
The oil supplemented diets resulted in significant increases in both milk yield and FCM, whereas the low forage diets depressed milk yield. The milk fat concentration was not different among treatments, while the fat yield was higher. The protein content was lower with the oil diets, probably due to a dilution effect; whereas the milk protein yield did not differ. However, the forage × oil interaction resulted in a significant increase of plasma urea content for the LF/O diet (Tab. III).
The milk casein content as well as the rheological parameters did not differ significantly among the diets. This means that the cheesing capability of milk from the different groups was not different.
On the contrary, the composition of the diets had a marked effect on the fatty acid profile of milk fat (Tab. IV). The oil supplemented diets depressed both SCFA and MCFA, with the only exception of butyric acid, which was increased. The low forage diets increased significantly C 10 -C 17 FA. All the cis and trans C 18:1 isomers were increased by the inclusion of soybean oil in the diet (Tab. IV), while the forage effect was significant only for trans-10 C 18:1 ; vaccenic acid (trans-11 C 18:1 ); trans-12 C 18:1 ; cis-12 C 18:1 ; cis-14 C 18:1 and cis-15 C 18:1 . In some cases a significant forage × oil interaction was also observed: the LF/O diet, in fact, resulted in higher levels of trans-10 C 18:1 , trans-12 C 18:1 and cis-12 C 18:1 , while the HF/O diet led to the highest levels of vaccenic acid, cis-11 C 18:1 and cis-15 C 18:1 . Both oil supplementation and forage level affected the amounts of linoleic (C 18:2 n-6) and linolenic acids (C 18:3 n-3), with opposite effects. When soybean oil was included in the diet, the level of linoleic acid increased, but to a different extent, depending on the interaction with the level of dietary forage (Tab. IV). In the case of LF diets, in fact, the inclusion of soybean oil increased linoleic acid in milk fat by 3%, while when the oil was added to the HF diets, the level of linoleic acid increased by more than 20%.
The alfa-linolenic acid content was positively affected by the forage/concentrate ratio, and negatively by the soybean oil supplementation (Tab. IV).
The CLA content of milk from ewes fed the diets without lipid supplementation was below 1% of total lipids (0.5% and 0.7% respectively for HF/NO and LF/NO diets). The levels of CLA were higher when the ewes were fed soybean oil (Tab. V) and the total amount of all isomers reached the values reported for grazing ewes [29] . In general, all the CLA isomers increased when soybean oil was included in the diet, with the exception of Figure 1 . Relationship between the concentration of rumenic acid and vaccenic acid in the milk fat of dairy ewes fed the experimental diets (n = 64).
and trans-10, cis-12 CLA the forage × oil interaction was also significant: the levels of the first two isomers were the highest when the ewes were fed with the HF/O diet, while the last one reached the highest level in milk in response to the LF/O diet. Normalised ratios (g per 100 g product/(g per 100 g substrate + g per 100 g product)) were estimated to asses the extent of ∆9 desaturation of specific fatty acids during milk fat synthesis [27] . Higher ratios indicated that sheep desaturated more of the substrate fatty acids when they were fed diets without oil supplementation (Tab. IV).
A strictly linear relationship between vaccenic acid and rumenic acid was found (Fig. 1 ) and the value of the regression coefficient was within the range of values observed in other studies with dairy ewes and other dairy ruminant species [11, 20, 26, 29] .
DISCUSSION
There is a general indication in the literature that the inclusion of unprotected oils and fats rich in PUFA in the diet of dairy cows causes a decrease of milk fat yield, known as the Milk Fat Depression (MFD) syndrome, even though some reports do not agree on this [31] . Just the opposite appears to occur with dairy ewes and goats; feed supplementation with plant oils or full fat grains increases their milk fat yield [11] . Such an increase may exceed 2% with full fat oil seeds [38] .
Recently Bauman and Griinari [3] observed that, in order to induce MFD in dairy cows, two conditions must occur: (i) the rumen microbial processes are altered towards acidosis, depending on an unbalanced forage/concentrate ratio and (ii) a significant amount of unsaturated fatty acids (UFA) is present in the diet. There are papers reporting the positive effects on milk fat yield of fatty acid calcium soaps [4] and of high amounts of cotton and sunflower oil [30] in the diet of lactating dairy ewes, but, to our knowledge, no literature information is available so far on the possible interaction between the presence of significant amounts of an unprotected oil and the forage/concentrate ratio on milk fat yield and composition.
In the present study, the milk fat percentage remained unchanged among treatments, while milk fat yield was higher when the unprotected oil was added to the diet, as a consequence of the effect on milk yield. The oil supplement did not induce MFD, regardless of the level of forage, as reported in goat studies [11] .
The effects of lipid supplementation on milk yield were in agreement with the literature [38, 46] . Concerning the level of dietary concentrate on milk production, the results confirmed that during mid-and latelactation, high levels of non-fibre carbohydrates in the diet do not have positive effects on milk yield and quality [6, 7] .
The decreased milk protein percentage with the oil supplemented diets may be attributed to a combination of factors [31] : (i) the dilution effect due to the higher amount of milk produced per day; (ii) the reduction of microbial protein synthesis with lower dry matter intakes; (iii) changes in the carbohydrate metabolism towards a lower mammary uptake of glucose, as suggested by Smith et al. [43] . Since milk yield was significantly enhanced by oil supplementation in our experiment, the dilution effect may be accounted for to explain the lower protein content. Our results were in agreement with that reported by Zervas et al. [46] with ewes fed 1200 g·d −1 concentrate and 5% soybean oil.
Plasma urea data, however, suggested that in the case of a low forage diet, a change in protein utilisation efficiency probably also occurred, as a consequence of the oil supplementation (Tab. III). Nevertheless, among the milk protein fractions, casein did not vary between the treatments.
There are several papers dealing with the effect of the fat source in the diet of cows and goats on the fatty acid pattern of milk fat [11, 21] , but only few data are available for dairy ewes. The response to feeding lipid supplements rich in PUFA consisted mainly in an increase in the C18 FA at the expense of SCFA and MCFA (C8 to C14 mainly). This is probably due to long-chain FA that are powerful inhibitors of de novo lipogenesis in the mammary gland and this effect is more marked when FA have a long chain, are more unsaturated and contain more trans double bonds [12] . In fact, PUFA are biohydrogenated in the rumen into saturated and trans FA, some of which are recognised as potent inhibitors of de novo fatty acid synthesis in the udder [27] . In particular, the trans-10 C 18:1 and trans-10, cis-12 C 18:2 isomers are involved in the MFD syndrome observed in cows, because of their influence upon the mammary lipogenic enzyme activity [4] .
Our results (Tab. IV) were in accordance with those reported in the literature on other ruminants but ewes: SCFA and MCFA (C 6:0 up to C 17:0 ) were decreased with the oil supplemented diets, but not butyric acid; all the C 18:1 isomers augmented, particularly the trans ones. With an oil level in the diet being equal, however, the percentage composition of trans isomer of octadecenoic acid, varied according to the level of dietary forage: vaccenic acid, in fact, seemed to be positively related to high levels of dietary forage (84.5% vs. 78% of total trans isomers for the HF/O and LF/O diets respectively), while trans-10 C18:1 was the opposite (6.5% vs. 11.5% of total trans isomers for the HF/O and LF/O diets respectively).
In dairy cows, CLA is reported to be enhanced as the consequence of soybean oil supplementation, together with a drop in the milk fat concentration. Then, Kelly et al. [22] succeeded in increasing CLA by 500% in milk fat of cows fed 5.3% oil, while the milk fat level fell from 3.38% down to 2.25%. Dhiman et al. [16] had CLA increased by 300% and fat percentage down from 3.44 to 2.8% with only 2% soybean oil in the diet dry matter.
An interesting finding of the present work was that, unlike cows, the inclusion of soybean oil in the ration of our ewes made rumenic acid jump as high as 500% with the high forage and 300% with the low forage diet, but had no apparent effect on the milk fat content (Tab. V). The distribution of CLA isomers also reflected the forage/concentrate ratio in the diet: trans-10, cis-12 reached its maximum with the low forage diet, while the high forage diet accounted for the highest amount of RA. A very similar pattern has been reported by Kukuk et al. [25] who monitored the duodenal flow of fatty acids in sheep fed soybean oil supplemented diets with different forage/concentrate ratios: low forage diets resulted in a larger duodenal flow of unsaturated fatty acids (UFA), including all trans C 18:1 isomers and trans-10, cis-12 CLA, while the highest flow of RA was recorded in response to high forage diets. In dairy cows, Piperova et al. [34] confirmed that the supplementation of low forage diets with soybean oil has only a slight effect on both RA and VA. Hence, it appears evident that the interaction between the supplemented lipid and the level of forage is of major importance in determining the milk FA composition. With low forage diets, trans C 18:1 is enhanced in milk fat, but the rumen biohydrogenation pathways shift towards trans-10, cis-12 CLA and trans-10 C 18:1 , which are accumulated in the rumen and transferred to the udder.
In the present experiment, even though the forage level of the "low forage diets" was not extremely low, the mammary lipogenic enzyme activity appeared altered, as reflected by the lower levels of medium chain fatty acids (MCFA) in milk fat. Nevertheless, the total milk fat yield did not drop, because of the increase in monounsaturated fatty acids (MUFA).
With the unsupplemented diets, the level of RA in the milk fat of our ewes was comparable to the level reported for dairy cows, in Northern Italy [40] and for goats [13] , both fed hay based diets, so that it may be assumed that, without the challenge of oil, the differences between the three species are quite small.
Griinari and Bauman [18] proposed the linear regression between VA and RA as a means to estimate the mammary ∆9 desaturase capacity. Several other authors, reviewed by Chilliard et al. [11, 12] , used this approach with a large spectrum of diets for cows and goats. The regression coefficient ( Fig. 1 ) calculated from our experimental data falls within the range reported for cows and goats.
The ratios reported in Table IV are commonly used as a proxy for SCD activity. In our study, all the ratios, with the exception of the 18:1/18:1+18:0 one, were significantly higher in milk from ewes fed with unsupplemented diets. Similar results were also reported for dairy goats fed a hay based diet unsupplemented or supplemented with 3.6% lipid of formaldehyde linseed or oleic sunflower oil [5] .
In the present study, in ewes, a huge individual variability in milk CLA content may be observed, especially with the oil supplemented diets, similar to what is reported for dairy cows [26, 33] , (Tab. V): the higher the availability of VA to the mammary gland, the larger the variability between the individuals.
CONCLUSION
The role of dietary lipid supplementation is well known in dairy cows and goats, but only scarce information is available with reference to the effect of unprotected vegetable oils and to their interaction with the level of forage in the ration of dairy ewes. The present paper may answer some questions on the subject.
First, the supplementation with unprotected soybean oil increased both milk yield and milk fat, with no adverse effect on the cheese making ability of milk. Since sheep milk is completely used to make cheese, this result is of practical importance in the feeding strategy of dairy ewes. Dietary lipid supplementation is usually adopted during early lactation, but our results suggest that the inclusion of a fat source to the diet may adequately support milk production also in mid lactation. On the contrary, in this phase of lactation high levels of concentrate in the ration do not seem advisable.
Second, the supplemented oil exerted a strong and important effect on the fatty acid composition of milk fat: saturated FA, pointed out for their negative effects on human health, were depressed, whereas MUFA, PUFA and rumenic acid, with potential positive effects, were enhanced. In particular, the interaction between oil and forage level significantly affected the composition of cis and trans C 18:1 isomers. Also in dairy ewes, by increasing the concentrate component of the diet, the rumen biohydogenation pathways are shifted towards more trans-10 C 18:1 and more trans-10, cis-12 CLA, apparently with no negative effects on milk fat yield, according to what was observed in goats.
